Objective: To describe outcomes of oral propranolol therapy in a series of adult and pediatric patients diagnosed with benign capillary hemangioma of the head and neck.
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With the question; "will oral propranolol still be effective in treating hemangiomas in older children and adults, " this study aims to describe outcomes in a series of adult and pediatric patients with benign capillary hemangioma of the head and neck.
METHODS
With institutional review board approval, this prospective case series considered all patients seen at the out-patient or emergency department of our tertiary government hospital, who were clinically diagnosed with benign capillary hemangioma of the head and neck from 2012 to 2015. To be excluded were patients clinically diagnosed with capillary hemangioma who had undergone other forms of treatment such as, but not limited to use of intralesional sclerosing agents, oral or topical corticosteroids, or recurrence after prior surgical intervention; patients or patients parents/ guardians who would not consent to undergo oral propranolol therapy; and patients in whom oral propranolol therapy was contraindicated or in whom the adverse effects of oral propranolol would greatly outweigh the benefits such as those suffering from asthma.
With written informed consent (and assent, where applicable), propranolol 40mg and 10mg tablets were used. For adult patients, propranolol was administered orally in three (3) divided doses daily with reassessment planned weekly for the first month followed by 2-month intervals for a year. For pediatric patients, paper tablets-finely ground powder that can be dissolved in liquid were used. A written prescription with instructions to the pharmacist to prepare propranolol paper tablets in the computed dose was given to the patient's parent/ relative/guardian so that they could purchase this at the pharmacy. Oral propranolol was given at a dose of 2mg/kg/day in three (3) divided doses daily with reassessment planned weekly for the first month followed by 2-month intervals for a year.
Prior to initiation of therapy, each patient was evaluated by a cardiologist to obtain baseline data and to ascertain that there were no contraindications to the proposed therapy. Patients were observed in the emergency room for 24 hours at the start of therapy with heart rate and blood pressure monitored by the hour. After the first 24 hours, the patients were then discharged and instructed to take propranolol orally every 8 hours with daily visits for the first week followed by weekly visits thereafter.
On each follow-up visit, either author evaluated the lesion, focusing on such gross features as size and boundaries, color, induration and consistency. Measurements were taken using a Vernier caliper 150mm (Acosta, Taiwan) and cloth tape measure (Goldfish, China) and findings were manually recorded with pen and paper. Photographs were taken using a 2007 Sony Ericsson W960 3-Mega Pixel Auto Focus LED Flash Camera (Sony Ericsson, China).
Qualitative final assessments regarding decrease in lesion size and boundaries, change in color and change in consistency and induration were subjectively classified "yes" or "no" by both authors in consensus based on the recorded measurements and photographs.
RESULTS
A total of 10 patients, two (2) adults (aged 23 and 31, respectively) and eight (8) pediatric patients (aged 3 months to 13 years) were enrolled in the study with none excluded. Only one (1) attained complete resolution of the lesion; a 12-year-old female diagnosed with hemangioma of the right parotid gland that attained clinical resolution of symptoms after four months of treatment. (Figure 1 ) Including this girl, five of the patients were lost to follow up less than six (6) months after initiating treatment (two at the 2 nd month, one at the 3 rd month and two at the 4 th month, respectively). Although the remaining nine out of ten (9/10) patients did not attain complete clinical resolution, there was a decrease in lesion size in four (4) participants starting at three months.
One of these, a 31-year-old woman with multiple small capillary hemangiomas of the dorsum of the tongue was observed until the 8 th month of therapy. There was marked decrease in the size and number of lesions since the start of the therapy prominently noticed around the 3 rd month with markedly less discoloration surrounding the lesions. However, there was no noticeable change in the size of the lesions after the 5 th month. (Figure 2 ) Another, a four-year-old girl with a lesion of the anterior third of the tongue was observed to have a decrease in lesion size by the 12 th month of therapy with plateau occurring by the end of the 15 th month. She was initially seen when she was still a year old and presented with a purplish red lesion involving almost the entire dorsum of the tongue. After 12 months of therapy, the lesion started to shrink with areas that started sloughing off. It assumed a wrinkled, prune-like appearance and showed signs of resolving. However by the 15 th month, the lesion regained its purplish color and remained unchanged until the patient was last seen at age 4. There were no reported difficulties in speech and feeding. (Figure 3) Also included in this group was an 8-year-old boy with capillary hemangioma of the right cheek and upper lip. The patient's lesion showed signs of regression after four months of therapy. The most noticeable change was a decrease in discoloration around the right cheek as well as a decrease in the swelling around the right upper lip after 6 months of treatment. (Figure 4 
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The last patient to show a decrease in lesion size was an 11-year-old girl with hemangioma of the right cheek and upper lip with involvement of the buccal mucosa noted around the 3 rd month of therapy. Also noteworthy was the clearing up of the buccal mucosa involvement to almost near-normal. However, rapid plateau was attained with no decrease in lesion size after the 5 th month. She was on continued oral propranolol therapy for 12 months before being lost to follow up. (Figures 5 and 6) Altogether, of the two adult participants, only one responded to therapy while only 4 out of 8 pediatric participants responded to therapy. There were no noticeable differences between adult and pediatric patients in terms of resolution and plateau. Aside from mild bradycardia expected with propranolol, no adverse reactions were observed during the course of treatment. A B DISCUSSION Out of the ten (10) patients who were enrolled in the study, only half or five (5) showed a decrease in the size of the lesion--one (1) adult and four (4) children. The remaining half did not show any changes in the size of the lesion. Given the number of reports on the success of oral propranolol therapy in infantile hemangiomas, 2-6 we were expecting a high rate of resolution among older children and adults as well. As our results show though, only half of the patients responded (and most, only partly) to oral propranolol therapy. Getting to the bottom of the whys and why nots entail taking a look at how propranolol acts on infantile hemangiomas.
The exact mechanism of hemangioma growth and regression is not clearly understood. Hemangiomas are a mixture of clonal endothelial cells, pericytes, dendritic cells and mast cells.
7 Proangiogenic factors such as basic fibroblast growth factor (bFGF) and vascular endothelial growth factor (VEGF) have been theorized to play a role in the proliferation and growth of hemangiomas.
7 Factors that affect involution are downregulation of angiogenesis and upregulation of angiogenesis inhibitors, 7,9 the mechanism proposed by some for the success of beta blockers in triggering involution. 8 These studies have demonstrated a triggered apoptosis of capillary endothelial cells in adult rat lung tissue with the use of propranolol and documented a decrease in locally produced VEGF-1 in hemangiomas upon initiation of propranolol.
8 Since VEGF-1 is a proangiogenic factor, its inhibition results in involution. Based on these studies, we thought oral propranolol therapy should work on hemangiomas whether infantile among older children or among adults. Yet, only half of the patients in our study responded to therapy.
An important limitation of our study may have been our failure to distinguish 'true' infantile hemangiomas from other vascular anomalies and malformations. 7, 11 Other studies that have employed oral propranolol therapy would not recommend using it on other vascular anomalies.
10
These anomalies behave differently from infantile hemangiomas in that they are not affected by angiogenic factors and can be affected by other factors such as trauma, infection and hormones. 7 In retrospect, we could have been dealing with other forms of vascular anomalies in those patients who did not respond to oral propranolol therapy. We recommend that more attention be given to correctly diagnosing infantile hemangiomas in distinction from other vascular anomalies.
As for the participants who did respond to therapy, we must consider whether the resolution was indeed due to propranolol therapy or to spontaneous involution. It is well documented that 90% of hemangiomas involute by age 10 years while those that do not involute beyond 10 years have a greater chance of persisting throughout adulthood.
7 Five (5) of our patients presented with a hemangioma persisting beyond the 10 th year of life and the probability of spontaneous involution coinciding with the initiation of propranolol therapy seems slim. In these cases, it would be tempting to consider that the resolution and/or diminution of our patients' lesions was an effect of propranolol therapy. However, our small sample with cursory documentation and observer bias and no comparator group (inherent to the design of a case series) are limitations that do not allow us to jump to any such conclusions. Future, better-designed studies may avoid these limitations and possibly shed light on our research question.
Our experience with these ten (10) patients has not answered the question of whether oral propranolol therapy will have a good outcome on older children and adults. Although half of our participants responded to oral propranolol therapy whether these observations may be attributable to oral propranolol alone cannot be concluded.
